Background Systematic continuous thinking about the future helps organizations, professions and communities to both prepare for, and shape, the future. This becomes ever more critical given the accelerating rate at which new data emerge, and in some cases uncertainties around their reliability and interpretation. Businesses with the capability to filter and analyse vast volumes of data to create knowledge and insights requiring action have a competitive advantage. Similarly Government and the public sector, including public health can be more effective and efficient through the early identification of emerging issues (both threats and opportunities).
Introduction
While there are several definitions of horizon scanning 1 -3 the key principles are captured by the UK Government Office for Science, responsible for informing cross-government prioritysetting and strategy, as 'The systematic examination of potential threats, opportunities and likely developments including but not restricted to those at the margins of current thinking and planning. Horizon scanning may explore novel and unexpected issues as well as persistent problems or trends'. 4 Horizon scanning is not, as commonly thought, about making predictions, but rather about methodically investigating evidence to ensure adequate and resilient preparation for potential opportunities and threats. 5 Although the public service sector is relatively late to a tool (horizon scanning) that emerged during the early 20th century (by the Committee of Imperial Defence) and has been widely used in business since the 1960s, it is increasingly using horizon scanning at both the policy 6,7 and service levels. 8 The Government Chief Scientific Advisor's annual report explicitly highlights the importance of horizon scanning to ensure 'genuine preparedness and resilience in society's ability to meet intergenerational and existential challenges ahead'. 9 There are major challenges to effective horizon scanning which include the nature and source of data required, access, organization, analysis and interpretation of huge quantities of material, and timely dissemination of products to appropriate decision makers. Once the mechanics of accessing the data are in place, much of this can be 'industrialized' relatively easily using IT systems. However, the real power of such an analytical process is only released with expert human input which requires more than simple technical competence.
10,11 None of this should intimidate the public health community as these principles and practices are at the heart of our professional practice.
The potential of horizon scanning in protecting and improving health is self-evident. This is reflected in a number of systems developed in the UK 12,13 and internationally. 14 -16 However, these are either focussed on infections, healthcare technologies and ecological impacts or represent expert led identification of issues. There are gaps in the routine scanning of non-infectious hazards, and in health improvement. This was recognized in a recent editorial in this Journal which called for more 'Looking upstream for influences on socioeconomic inequalities in health'. 17 There are systems employed by Sutherland, 1, 18 previously funded by Defra 19 and developed by the Environment Agency that certainly cover non-infectious issues relevant to public health practice. Public Health England (PHE) has been collaborating successfully with the Environment Agency in developing a resource linking environmental and public health intelligence ( producing the Environment and Health Scan (E&H Scan)) 20 . This resource could form the basis of an effective scanning system for non-infectious and health improvement issues and developments. Lessons identified from efforts to improve horizon scanning in relation to conservation issues are also relevant to environmental health horizon scanning. 21 In addition, it is critical that any such horizon scanning tool reflects the new public health delivery landscape, the central role and requirements of local authorities, and the impact of public spending pressures on the priorities of local democracies. There is huge potential for greater collaboration across the different systems, sharing resources and techniques, and for the consolidation and development of the E&H Scan with modest investment. This would reflect the Government's support for improving the impact of horizon scanning activities. This paper describes both the challenges in establishing and refining an initiative such as the E&H Scan and its successes to date in informing local decision-making.
Current systems
There are a number of international and national scanning systems and it is important to learn from these experiences. The Global Public Health Intelligence Network (GPHIN), HealthMap, and EpiSPIDER 16 all process event-based outbreak information but only GPHIN includes a non-infectious element (acute chemical incidents). 22 Such systems are well developed and have proved successful in identifying outbreaks at an early stage e.g. the GPHIN prototype identified the 2003 SARS outbreak in China 3 months before the World Health Organization (WHO) confirmation and was identifying new cases up to 3 days before the WHO. 16 The PHE Emerging Infections and Zoonoses Section uses an integrated horizon scanning approach combining information on human and animal health to identify and assess outbreaks and incidents of new and emerging infectious diseases. Information is logged daily and summaries published monthly. 13 While these systems have considerable strengths they do not address non-infectious disease hazards or health improvement issues adequately. The infectious disease systems are designed to identify outbreaks through new 'acute' events. Acute non-infectious risks tend to be explosive in nature, often literally, and there are tried and trusted early warning and surveillance systems already in place. 23, 24 However, the great burden of exposure to environmental hazards is low level and medium to long term, and health improvement issues are also 'slow burning'. For examples long term exposure to low levels of benzene increasing cancer risk, or regular consumption of alcohol above the recommended levels increasing risk of liver disease, high blood pressure and cancer. Inevitably this has the effect of prolonging exposure (as there might not be any immediate signs or symptoms) and exacerbating the effects. In addition, the sources, levels and distribution of these exposures are critically influenced by scientific, technological, environmental, economic, political, legal, social and behavioural factors, intelligence on which cannot be derived from traditional health oriented sources. There is clear evidence that environmental stressors impact on individual and community health 25 -29 and that this burden is disproportionately borne by the deprived. 30 -34 Similarly emerging threats and opportunities have the potential to unfairly disadvantage deprived communities, as was the case for example where most of the burden of disease from exposure to asbestos is borne by manual workers. However, relatively little is known or understood about the scale and distribution of these effects, the specific environmental media involved, or the environmental and biological mechanisms that lead to disease. In addition, as the recent editorial explained, 17 there is both accumulating evidence that issues such as trade policy can contribute to the persistence and widening of health inequalities, and increasing understanding that influences on future epidemiological worlds requires horizon scanning of a broad range of domestic and international domestic policies and commitments. 17 Horizon scanning: The Environment and Health Scan
The production of the E&H Scan is a collaboration between the Environment Agency and PHE, building on previously independent approaches and a joint pilot production of the CHaPD Scan. 20 The Environment Agency has a dedicated horizon scanning team, whereas scientists from PHE's Environmental Hazards and Emergencies Department balance reactive response work with proactive horizon scanning. These approaches are complimentary, and due to the overlapping areas of interest between the partners much of the material identified by one agency is of interest to the other. There are four steps in the horizon scanning process.
Step 1 involves initial filtering of large volumes of data using a Really Simple Syndicate (RSS) feed aggregator from over 150 websites. The RSS feeds collate updates from websites that are subscribed to in one easy to scan list. These feeds are manually reviewed for relevance, and tagged using key words if they are immediately of interest. Therefore filtering is not by keyword, rather by information sources which are manually scanned. Articles that have a future relevance, i.e. include new and emerging information, are entered into the horizon scanning database as step 2.
Step 3 is categorization and analysis of the information and step 4 the automatic extraction and publication of summaries of the articles. New articles added to the evidence base are automatically extracted to the E&H Scan and circulated to subscribers by e-mail (subscription is currently free to health professionals). Overall this provides a highly efficient process which utilizes the strengths of modern technologies and the human capacity to filter and classify information. It could be considered a bottom up approach which can complement traditional, expert led 35 or top down approaches to horizon scanning.
One of the main outputs of this bottom up approach to horizon scanning is a growing, shared on-line evidence base of emerging issues. There are currently over 10 000 articles within the horizon scanning database. From 2008 to the end of 2014 there were 3577 records accepted into the PHE ( previously Health Protection Agency) evidence base, most of which were identified by the Environment Agency horizon scanning team. This demonstrates the benefit of collaborating with other partners which can both reduce required resource and widen the evidence base considerably.
Information for local action
Sandwell Primary Care Trust (PCT) was an E&H Scan subscriber until NHS reorganization in 2013 and established a multi-agency public health forum to consider their significance in a local context. This was an integral part of Sandwell's Environmental Public Health Tracking (EPHT) programme, the first in Europe and which has received WHO endorsement. 36 The E&H Scan directly informed a number of initiatives, including an assessment of the public health implications of landfill mining, investment in greening urban environments to improve air quality, and population based biomonitoring. For example, Sandwell PCT used the October 2010 E&H Scan to identify the commercial potential of mining landfill sites for materials such as metals and rare earths. 37 This was potentially important for Sandwell in two respects. Firstly, it was known that there are many hundreds, if not thousands, of old landfill sites in the Borough and that many will contain foundry waste which now has a commercial value. Secondly, changing a waste material from something that costs money to dispose of into a tradable commercial asset can very rapidly transform an industry. Experience from the cement industry replacing fossil fuels with waste derived fuels demonstrated that while such a conversion can lead to environmental and economic benefits, it can also generate serious public concerns. 38 To prepare for public concern Sandwell PCT worked with the local authority to: † Identify and map the sites most likely to contain foundry waste enabling characterization and quantification of potentially affected populations and development of a communications strategy. There may also be commercial opportunities for the local authority for those sites that it 'owns'. † Enhance the surveillance of key diseases and assess the spatial relationship with sites: results are so far very reassuring. 37 † Continue to monitor the literature for evidence of adverse effects of such mining. † Develop a business case in conjunction with University of Newcastle Medical Toxicology Research Centre for funding a biomonitoring programme for the most plausible exposures in Sandwell. The selection of biomarkers has been directly informed by a risk assessment of foundry waste.
Following the NHS reforms of 2013, the public health function returned to the local authority, Sandwell Metropolitan Borough Council (MBC). Sandwell MBC commissioned work on integrating EPHT into the new structures. 37 One of the recommendations was to produce an annual report on EPHT which included a summary of key information from the E&H Scans and was presented to the Health and Wellbeing Board. The commitment to use the E&H Scan was also supported by identification prior to the transition of public health services from the PCT to the MBC of the potential of 'green panels' to tackle air pollution in urban canyons. There are roads in Sandwell with air quality issues that cannot be addressed through traditional interventions and following a modelling exercise leading up to the transition, the Borough is now currently investing an instalment of these panels at specific sensitive sites (e.g. adjacent to a school). Modelling conducted with Kings College London has suggested that that the urban increment of nitrogen dioxide and black carbon in Sandwell leads to an additional 180 adults and 56 children with wheeze and around 900 additional asthmatic children with bronchitic symptoms. 37 This intervention will contribute to addressing this burden and would not have occurred without horizon scanning.
Challenges Data sources
An effective scanning system requires a broad range of sources. These will include free open-access news aggregators as well as commercially available resources. This obviously has implications both in terms of access to data and cost of the service. As well as an effective screening of the information the system must ensure effective screening of the sources. Health technology scanning has developed evaluation criteria with a cut-off score to remove sources from routine horizon scanning. The three key criteria are coverage, quality, and efficiency. 39 However, this utilitarian approach needs to be balanced against the risk of losing less rigorous but nonetheless valuable sources of intelligence. This requires an informed discussion between the horizon scanning system managers, the users and an external review. 40 
Reliability
There is a trade-off between the reliability of using only curated sources against the likelihood of missing key intelligence; more than 60% of the initial outbreak reports in GPHIN come from unofficial informal sources which require verification. 22 A wide information source base however inevitably means managing much larger volumes of information. This can be partially addressed through using automated systems but there is a real danger of false alerts as well as equally important false negatives. There are other institutional and professional barriers including concerns about the potential impact on business and tourism, overly cautious interpretation of new data, unwieldy bureaucratic procedures, and an inadequate infrastructure for dissemination and action. 41 
Variability/filtering
It is vital that data characterization includes both mechanical processing and human analysis. In this sense, horizon scanning can be considered as a big data challenge and it is worth noting the lessons from big data experiences. An optimal process requires the correct balance between machines to process large volumes of data, and humans to filter and classify relevance. The importance of human and computer strengths in relation to big data problems is excellently demonstrated by the open chess championship which was won by the combination of average players plus average computers and strong process:
This was a remarkable outcome that surprised everyone, including Kasparov himself. Kasparov drew the only conclusion he could: Weak human þ machine þ better process was superior to a strong computer alone and, more remarkably, superior to a strong human þ machine þ inferior process. This revelation points to the essential evolution of the conclusion from Deep Blue in 1997-that humans working together with machines can solve big data challenges better than computers alone. Tackling big data means more than just algorithms, high-performance computing, and massive storage-it means leveraging the abilities of the human mind. 42 Keeping up with the pace of change A feature of some new commercial products and services is the initial exponential increase in use, flooding commercial markets followed some time later by the emergence of public and professional health concerns. 43 Environment and human health risk assessments and evaluations follow, generating intelligence that informs the development of standards, regulations, and compliance monitoring. It is estimated that the period between introduction of the product or service, to the introduction of effective regulation and monitoring is between 10-15 years. 44 During this time the public and the environment are largely unprotected and human health is left vulnerable to adverse effects. 45 
Process
The timely detection of a hazard, policy, change or new development will be wasted unless that intelligence gets to the right person/agency at the right time. This needs to reflect and inform the interaction between the risk assessor and the risk manager. The challenge is to generate outputs that allow the risk manager, in consultation with the risk assessors and involved stakeholders, to define the problem, the assessment, and the response. 46 One model is to consider probability and impact separately with weighted criteria to quantify risk and justify intervention. This enables a ranking of risks, a method which has been successfully used in PHE disease scanning. 47 Given the leadership of local elected politicians in the management of public health services, the issues of accountability, transparency and democracy become critical 44 and any such discussions need to be informed by their requirements. There is an undeniable tension between the rigours and timescales of evidence-based decision-making and the reality of political accountability however they are not mutually exclusive. Councillors are sensitive to the risks of trading popularity for unsustainable decisions and will welcome the confidence an objective and rigorous horizon scanning process provides in framing their final decision as in Sandwell.
Conclusions
Horizon scanning has become an integral part of Government and business planning and delivery. The on-going collection of evidence to anticipate new issues enabling timely responses is clearly a fundamental part of any effective public health system and horizon scanning has generated some hugely important health technology and public health outcomes. However, current systems are overwhelmingly focussed on health technologies and infectious diseases leaving major gaps around non-infectious hazards and health improvement. These vital public health domains are powerfully influenced by scientific, technological, environmental, economic, political, legal, social and behavioural factors and stressors. They are also now largely delivered by local authorities accountable to their populations through a local democratic process. This can be both a challenge and a huge opportunity. There can be tensions between what is popular and what the evidence shows but garnering local political support can release enormous energy and it is the job of public health to enable politicians to chart these sometimes choppy waters. It is one of PHE's roles to support local authorities public health function and provide expert advice, guidance, intelligence and interpretation. Horizon scanning provides a powerful tool to do so, supporting local politicians as well as public health practitioners.
The financial constraints on all public services mean any such system has to be both productive and cost neutral. In this case, there is a distinct advantage by building on a proven base (E&H Scan) and working with other existing and complementary systems to share resources, skills and expertise. The E&H Scan could be consolidated, expanded to include health improvement and made available routinely to all local authorities, including local politicians and public health professionals.
